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Department of Veterinary Science, University of Pisa, Pisa, ItalyAbstractThe aim of this study was to further investigate the role of wild boar (Sus scrofa) as a reservoir for hepatitis E virus (HEV). Sixty-four blood and
faecal samples collected from wild boar hunted in Central Italy in 2011–2012 were examined by indirect enzyme-linked immunosorbent assay
and RT-PCR analysis. Positive RT-PCR samples were further examined by nucleotide sequence determination and subsequent phylogenetic
analysis. Thirty-six sera (56.2%) were positive for HEV-speciﬁc antibodies, and six (9.4%) faecal samples scored RT-PCR-positive results. Four
animals were positive by both enzyme-linked immunosorbent assay and RT-PCR. Phylogenetic analysis showed that the detected wild
boar–derived HEV sequences clustered within genotype 3, with similarity to sequences of human origin collected in a nearby area in
2012. Our data conﬁrm that HEV is endemic in the wild boar population in the research area and that these wild animals could play an
important role in the epidemiology of HEV infection.
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E-mail: alessandro.poli@unipi.itIntroductionHepatitis E virus (HEV) is a small icosahedral nonenveloped
and single-stranded positive-sense RNA virus. It has been
designated as the sole member of the genus Hepevirus in the
family Hepeviridae on account of the unique genomic organi-
zation [1]. HEV variants have been divided into at least four
genotypes on the basis of whole or partial genome sequences
of various open reading frames of the viral genome [2]. The
infection course in humans is often asymptomatic or causes
an acute viral hepatitis after an incubation period of 4–5
weeks; both outbreaks and individual cases have been
recorded [3]. The mortality rate is generally under 0.5% but
can be as high as 25% in pregnant women, especially for© 2015 New Microbes and New Infections published by El
This is an open access artigenotype 1 [4]. HEV infection is considered a major public
health problem in low-income countries and communities
living under poor hygienic conditions, where incidence of
infection may be high [5] and outbreaks and sporadic cases
are generally due to water contamination [6]. HEV sequences
have been detected in various tissues and organs of swine,
deer and wild boar and also in bivalves such as mussels,
cockles and oysters [5,7,8]. Epidemiologic investigations car-
ried out in industrialized countries demonstrated a higher
incidence and prevalence in humans and animals than ex-
pected, and identiﬁed pigs and wild boar as possible source of
human infection both for meat consumers or workers
occupationally exposed to pigs [9–16]. Recently a case of
human HEV infection has been reported in Italy, and even if
the source of this infection was uncertain, the patient, who
had never travelled outside Italy, butchered a previously
hunted wild boar [17]. The aim of this study was to add in-
formation on the role of wild boar in HEV transmission by
serologic and molecular investigations on a wild boar popu-
lation in Central Italy.New Microbe and New Infect 2015; 7: 41–47
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During the 2011–2012 hunting seasons, serum and faecal
samples were collected from a total of 64 wild boar (35 females
and 29 males) in an area of Tuscany (Central Italy) and stored
at −80°C until use. Animals belonged to a free-ranging wild
boar population living in an area of approximately 444 km2
within the province of Pisa. Each animal was classiﬁed by sex
and divided into three age classes: young (presence of strikes;
n = 2), subadult (no strikes, weight less than 20 kg; n = 32) and
adult (n = 30).
Serologic analysis
Serum samples were analysed by a double antigen sandwich
enzyme-linked immunosorbent assay (ELISA) detecting total
antibodies to HEV (HEV Ab EIA; Axiom Diagnostic). Test
procedures and interpretation of results were performed ac-
cording to the manufacturer’s instructions. The optical density
was measured by a plate reader (Multiscan FC; Thermo Sci-
entiﬁc) at 450 nm wavelength.
Molecular analysis
Faecal samples were pooled (pools of 3–5 samples) according
to sampling site and animal age. Total RNA was extracted from
140 μL of faecal suspension (1–3 g of faeces in 10% w/v PBS pH
7.2) using QIAamp Viral RNA kit (Qiagen) according to the
manufacturer’s instructions. Template cDNAs were obtained
using QuantiTect Reverse Transcription kit (Qiagen). A 347 bp
fragment of HEV open reading frame 2 (ORF2) was ampliﬁed
from cDNAs by nested RT-PCR (Hotstart Taq PCR master
mix; Qiagen), as described by Meng et al. [18]. Samples from
positive pools were analysed individually using the same nested
RT-PCR ampliﬁcation protocol. The limit of detection of the
protocol was evaluated when preparing pools samples; HEV-
positive wild boar sample were detected by nested RT-PCR
from RNA extracted from 0.1 g of faeces. Nested RT-PCR
products were visualized on a 2% agarose gel, and DNAs of
the correct size were puriﬁed by the MiniElute Gel ExtractionTABLE 1. Estimates of evolutionary divergence between wild boar
Accession no. KJ567079 KJ499461 KJ427814
KJ567079 0.000a 0.000a
KJ499461 0.004b 0.000a
KJ427814 0.029b 0.025b
KJ427815 0.029b 0.025b 0.000b
KJ427816 0.032b 0.029b 0.004b
KJ567080 0.036b 0.039b 0.036b
Shown are the number of abase amino acid differences and bdifferences per nucleotide and per
translated assuming standard genetic code table. There were a total of 279 nt and 93 aa po
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products was performed by BMR Genomics (Padova). A panel
of HEV ORF2 GenBank-available sequences of human, swine
and wild boar origin representative of all HEV genotypes and
subtypes of genotype 3 according to the classiﬁcations pro-
posed by Lu et al. [19] were aligned with six wild boar–derived
HEV sequences obtained in this study using BioEdit software
[20]. Evolutionary distances were estimated within the six wild
boar–derived HEV sequences obtained and between a set of 14
Italian ORF2 HEV sequences of human and swine origin avail-
able in GenBank. Further phylogenetic analysis was performed
by neighbour-joining and maximum-likelihood methods as
available in the MEGA6 software package [21]. Phylogenetic
trees were generated and genotypes and subtypes identiﬁed.
The number of bootstrap replicates was 100.
Statistical analysis
Chi-square testing with the Yates correction was incorporated
to evaluate the relationships between seroprevalence with age
or sex. A p value of <0.05 was considered statistically signiﬁ-
cant. Statistical analysis was performed using the statistical
package SPSS Advanced Statistics 13.0 (IBM Corp.).ResultsThirty-six (56.2%) of 64 sera scored positive for anti-HEV an-
tibodies. These were one of two young subjects, ten of 32
subadults and 25 of 30 adults. A statistically signiﬁcant differ-
ence (p <0.001) was found between seropositive adult and
subadult wild boar when compared. Fourteen of 29 males and
22 of 35 females were HEV seropositive, indicating that there
was no statistical difference between sexes. Nested RT-PCR
performed on the faecal samples followed by sequence anal-
ysis detected six positive samples, with an overall prevalence of
9.4%. The positive animals were two young animals, two sub-
adults and two adults. Four animals (two adult females, one
subadult female and one young male) were found to be positive
by both ELISA and RT-PCR. Sequence analysis demonstrated a–derived hepatitis E virus sequences
KJ427815 KJ427816 KJ567080
0.000a 0.011a 0.011a
0.000a 0.011a 0.011a
0.000a 0.011a 0.011a
0.011a 0.011a
0.004b 0.022a
0.036b 0.039b
site between 6 Italian wild boar–derived hepatitis E virus sequences. Coding data were
sitions in the ﬁnal data set.
iety of Clinical Microbiology and Infectious Diseases, NMNI, 7, 41–47
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ampliﬁed fragments (Table 1). Further phylogenetic analysis
showed that all the Italian wild boar–derived HEV sequences
(GenBank accession numbers KJ427814, KJ427815, KJ427816,FIG. 1. Evolutionary relationships of taxa. Phylogenetic tree for a set of OR
inferred by the neighbour-joining method. The tree is drawn to scale, with bra
to infer the phylogenetic tree. Evolutionary distances were computed using
ferences per site. The analysis involved 38 nucleotide sequences; the six Italia
282 positions in the ﬁnal data set. Evolutionary analyses were conducted in M
© 2015 New Microbes and New Infections published by Elsevier Ltd on beha
This is an open access artiKJ499461, KJ567079, KJ567080) clustered within genotype 3
(Figs. 1 and 2). BLAST analysis performed on sequence
KJ567079 indicated the maximum alignment score and the
lowest e-value (6e-115) with sequences of human originF2 HEV sequence of genotypes 1, 2, 3 and 4. Evolutionary history was
nch lengths in the same units as those of the evolutionary distances used
the p-distance method and are in the units of the number of base dif-
n wild boar–derived HEV sequences are circled. There were a total of
EGA6 [21]. HEV, hepatitis E virus; ORF, open reading frame.
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FIG. 2. Molecular phylogenetic analysis
by maximum-likelihood method. Phylo-
genetic tree on a set of ORF2 HEV ge-
notype 3 sequences of human, wild boar
and swine origin classiﬁed in subgroups.
Evolutionary history was inferred by the
maximum-likelihood method based on
the Tamura-Nei model. The tree with
the highest log likelihood (−3521.7122)
is shown. The percentage of trees in
which the associated taxa clustered
together is shown next to the branches.
The tree is drawn to scale, with branch
lengths measured in the number of
substitutions per site. The analysis
involved 48 nucleotide sequences.
Evolutionary analyses were conducted in
MEGA6 [21]. Black squares indicate
assignment of putative subgroup; grey
dots indicate wild boar–derived HEV
sequences identiﬁed in this work. CA,
Canada; CN, China; DE, Germany; EG,
Egypt; ES, Spain; FR, France; GB, United
Kingdom; HEV, hepatitis E virus; HU,
human; IN, India; IT, Italy; JP, Japan; KG,
Kyrgyzstan; MA, Morocco; MX, Mexico;
NL, Netherlands; ORF, open reading
frame; SW, swine; TD, Chad; TW,
Taiwan; WB, wild boar.
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TABLE 2. Estimates of evolutionary divergence between swine and human sequences of Italian origin
Accession
no.
WB 2012
KJ567079
HU 2012
KC782933
HU 2005
HM446630
SW 2012
KF888276
SW 2012
KF888275
SW 2013
KF939866
SW 2013
KF939868
SW 2012
KF939859
SW 2012
KF939861
SW 2012
KF939863
HU 2006
HM446627
HU 2003
HM446629
HU 2009
HM446631
SW 2000
KJ174072
SW 2012
KF939862
KJ567079
KC782933 0.126
HM446630 0.170 0.157
KF888276 0.179 0.178 0.145
KF888275 0.199 0.171 0.099 0.145
KF939866 0.199 0.180 0.091 0.136 0.014
KF939868 0.205 0.211 0.171 0.213 0.177 0.190
KF939859 0.219 0.266 0.217 0.240 0.210 0.215 0.167
KF939861 0.239 0.246 0.196 0.221 0.178 0.183 0.158 0.152
KF939863 0.239 0.256 0.257 0.243 0.247 0.262 0.178 0.143 0.095
HM446627 0.239 0.233 0.237 0.223 0.195 0.200 0.145 0.157 0.155 0.173
HM446629 0.252 0.261 0.237 0.278 0.209 0.229 0.127 0.165 0.154 0.176 0.127
HM446631 0.254 0.261 0.206 0.226 0.187 0.192 0.180 0.164 0.025 0.111 0.168 0.148
KJ174072 0.254 0.277 0.220 0.231 0.211 0.225 0.154 0.118 0.075 0.091 0.155 0.127 0.063
KF939862 0.264 0.251 0.220 0.248 0.227 0.232 0.182 0.192 0.189 0.213 0.182 0.214 0.202 0.184
KF939864 0.264 0.262 0.243 0.275 0.206 0.225 0.128 0.157 0.150 0.177 0.119 0.011 0.145 0.119 0.206
Evolutionary divergence between groups
SW HU
SW
HU 0.181
WB 0.226 0.208
Number of base differences per site from between sequences and between groups are shown. Analysis involved 16 nucleotide sequences. There were a total of 280 positions in the ﬁnal data set. Average values within human and swine sequences is
0.203 and 0.182, respectively.
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from a case of human infection that occurred in a nearby area
of Tuscany during the same year [10]. The human sequences
refers to a case occurred in the province of Barberino del
Mugello, a municipality bordering our sampling area presumably
sharing the same wild boar population studied. The estimated
evolutionary distances between a selected wild boar–derived
HEV sequence and human and swine HEV sequences of Italian
origin classiﬁed by host and year are shown in Table 2. Phylo-
genetic trees constructed by both the maximum-likelihood
method and the neighbour-joining method also conﬁrmed the
nucleotide similarity among wild boar sequences reported in
this study and human-derived HEV sequences from Italy in 2012
(Figs. 1 and 2).DiscussionHEV infection has a worldwide distribution, with a high prev-
alence in low-income countries. The infection in industrialized
countries was previously recognized among travellers returning
from endemic countries [22]. During the last decade, an
increasing proportion of reported human HEV infections were
demonstrated to be autochthonous [23], being linked to
ingestion of raw or undercooked meat from pigs, wild boar and
deer [24–26]. HEV infection has been well documented in
European countries, and studies indicate a high similarity be-
tween wild boar, pigs and human HEV sequences, suggesting
that both pigs and wild boar could represent an important
source of infection for humans [12,27–31]. The case of human
infection reported in Italy by Giordani et al. [17] was supposed
to be of wild boar origin because the patient had never travelled
outside Italy and because 2 months before the onset of acute
hepatitis he had butchered a wild boar hunted in Barberino di
Mugello (Tuscany). Our ﬁndings add new information sup-
porting this hypothesis: our study area is close to Barberino di
Mugello, and we may assume that these areas share the same
wild boar population; autochthonous human sequences
described in the work by Giordani and colleagues and the wild
boar–derived HEV sequences identiﬁed in this research show
sequence similarity. Furthermore, both studies were carried
out in the same period of time. Our research revealed a high
seroprevalence (56.2%) in the wild boar population and the
presence of virus RNA in almost 10% of the tested animals. A
recent study performed on a wild boar population ranging in a
nearby conﬁned area of Central Italy (Parco Migliarino San
Rossore, Pisa, Tuscany) recorded a similar seroprevalence of
48.7%, while no HEV RNA was detected in liver and serum
samples [32]. Our data conﬁrm that HEV infection is endemic in
the wild boar population of Central Italy and that these animals© 2015 New Microbes and New Infections published by Elsevier Ltd on behalf of European Soc
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licecould play a role as a reservoir of the virus. Phylogenetic
analysis also demonstrated that the wild boar–derived HEV
sequences clustered within genotype 3 and were related to an
Italian human HEV sequence, supporting the zoonotic potential
of wild boar strains. Concerning the possibility of cross-
infection between pig and wild boar populations, it is worth
noting that a particular breed of autochthonous pig (Cinta
Senese, Sus scrofa domesticus) is raised outdoors in some areas
of Tuscany on extensive plots of natural pasture, where they
share their habitat with wildlife. In such a context, direct con-
tact between domestic and wild animals are frequent; more-
over, possible HEV transmission between wildlife and domestic
pigs may occur indirectly through water and feeding spots
contaminated by infected wild boar faeces.
These ﬁndings could be even more relevant when consid-
ering the consumption of raw or undercooked meat in Tuscany
of pig or wild boar sausages containing liver tissue. Moreover,
the widespread practice of wild boar hunting in such territories
increases the risk of infection encountered during the slaugh-
tering of infected animals [13,15]. In conclusion, wild boar as
well as domestic pigs may play a role in the epidemiology of
HEV as a possible source of infection for humans through
slaughtering and consumption. Our study and previous studies
[12,28,30–32] suggest that HEV is commonly present in the
wild boar population within deﬁned geographic areas.Conﬂict of InterestNone declared.AcknowledgementsThis study was supported in part by a grant from the province
of Pisa, Italy. We thank Mauro Pistello, University of Pisa, for
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